Avian DNA polymerases use host tRNA" 1^ as the primer for transcription.
PTTRCDUCTION
Avian UNA tiror virus DNA polymerases require the host tRNA 71^ primer for transcription of the viral genome (1, 2) . The primer, which is probably hydrogen-bonded to the viral RNA, can only be melted at temperatures higher than that required to remove nonprimer small RNA species from the viral genome (3) (4) (5) . Chicken-cell tI$JA Trp restores the template activity of thermally inactivated 35S Avian myeloblastosis virus KNA, a property not shared by other host tHNAs. The primary sequence of tENA 1^ (bovine) which has been determined is essentially identical with that of the avian tRNA 1 " 1p rimer (6) . Structural studies have shown the 3'-nucleotide tract to be involved in base-pairing to the viral RNA (7) (8) (9) . AMV DNA polymerase in contrast, was reported to bind to intact tRNA^1 but not to fragments that resulted from nuclease digestion (10, 11) .
CXir interest has been in studies dealing with the enzymology of AMV DliA polymerase and its interaction with tRNA 1^ (6, (12) (13) (14) . In this paper we report the isolation of a bovine tRNPF^P fragment that binds to AMV DNA polymerase, but does not prime the avian 35S RNA. A preliminary report of this work has appeared previously (15 Tris-HCl (pH 6.9), 7 M urea, and 1 mM EETA. After incubation, fragments were dissolved in electrophoresis buffer and subjected to analysis on polyacrylamide gels.
5'-Nucleotide Analysis of tENA 7^ Fragment: Hydrolysis for 5'-endgroup analysis of [32p]treftTrp (700 dpm) was carried out in 20 yl of 0.3 N NaOH at 37° for 18 h. Tte resulting labeled nucleotide diphosphate was identified by electrophoresis on 3* paper equilibrated with 0.05 M amnonium formate buffer (pH 3.5), at 20 v/an. Enzym^ic Degradation of poly rA to rv-rwate Nucleotide Markers: Poly rA was digested by an enzyme isolated from Ffaemophilus infl"g"7-aq (Georgetown University). Details of the preparation and properties of the enzyme will be published elsewhere. Under limiting conditions, the enzyme will generate free 5'-hydroxyl oligonucleotides from A(-A)_ to the size of the starting polynudeotide, which can be labeled by T4 polynucleotide kinase. Fragments obtained from partial digestion of tRNA Trp with T-^ PNase were labeled with phosphorus-32 at the 5'-position and then incubated with AMV DNA polymerase to determine complex formation (6, 15) . The mixture was fractionated by Sephacryl-S200 chromatography. A small peak that eluted earlier than the tRNA^P fragments was recovered (Fig. IE) . Fragments from the two peaks were examined by polyacrylamide gel analysis (Fig. IE) , and the lane matters Sequence assignment for fragment: The size of the fragment was measured on a denaturing 20% polyacrylamide gel that was calibrated with the oligonuoleotides A(-A). to A(-A). (Fig. 3A) . The upper limit of oligonucleotide resolution with the retention of the A. to A.
standards was A^_ nucleotides (Fig. 3B) . When the electrophoretic fractionation was carried out for longer periods, larger oligonucleotides were resolved (Fig. 3F) . The size of the traCT^1 fragment that bound to the polymerase was extrapolated to 67 nucleotides; a small amount of a 64-nucleotide fragment was also noted after longer exposure of the gel to the x-ray film ( Fig. 3E) . Old-group analysis of alkali hydrolyzed labeled showed These the label to have the same mobility as the G marker (Fig. 4) . results show the major tI*CV ir P fragment to be 67 residues long and to have an intact 5'-end.
DISCUSSION
The mechanism by which PMJ DNA polymerase recognizes the traW^ primer remains to be determined. Several experimental approaches have been used to determine the structural requirements for binding of traJA 1 * 13 to the polymerase. This binding and the ability to prime the 35S viral genome have been used as measures of specificity (6, 10, 11) . Such studies were deficient in that they tested only specific fragments and therefore could not support definitive conclusions. Our approach was to identify specific fragments from a partial 1^ PNase digest of tracv* 1^ (bovine) that preferentially bind to the polymerase. The partial digest generated a large variety of overlapping fragments from the tRVp^P (bovine) which we had previously shown to be a biologic substitute for the avian primer (6).
A fragment obtained from tRNA Tr P formed a stable complex with the polymerase which was later assigned as a 67-nucleotide entity with an intact 5'-end. Examination of the primary sequence of tRNATn? showed sequential G residues at positions G,, to G,_ (Fig. 5) . Because the size of the fragment was extrapolated from oligo rA markers which may differ slightly from heteropolymers in migration we cannot exclude other sites between G,g and Ggg as targets for T, FNase. We have assigned the fragment as being 67 residues long because G^_, is part of a non Watson-Crick base pair and is therefore b / more susceptible to nuclease digesiton (18) . We considered identifying the fragment by further digestion, but the four sequential G residues made it difficult to make unequivocal assignments. r P fragment was extrapolated to be 67 residues on the basis of its mobility on a 20% denaturing polyacrylamide gel (Fig. 3E) . Poly rA markers were used to calibrate the gel (3F). Markers used were previously standardized by oligonucleotides of known lengths A(-A) 65 to A(-A)g (3A and 3C). A UNA fragment 54 nucleotides long was used as a secondary marker for the longer fractionation when the synthetic oligonucleotides eluted from the gel (3B and 3D). 32 Ptraft'^rP fragment was fractionated on 3 ffl Whatman paper and analyzed by electrophoresis (Fig. 4B) with authentic markers. The 3 H4 Whatman paper was equilibrated with 50 nM formate-(NH 4 + ) (pH 3.5), containing 1 itM EDTA.
-Originto the enzyme (11) . Oar findings did not assign a critical role to the 3'-stem as a site for binding. The association between the 4nf>CG loop and the dihydrouridine loop can be maintained by the tRNA Tr P fragment and appears to be required for interaction with the enzyme.
It is attractive to postulate that AM/ DMA polymerase binds with treft ™ by interacting with elanents of its secondary and tertiary structure.
While associated, the polymerase alters the topology of tRNA 1 *^5 to permit its interaction with the viral 35S genome. The precise function, if any, of the AM/ ENA polymeraae associated nuclease (19, 20) in the processing of the tRNA primer remains to be determined. 
